Primary malignant bone tumours of the distal tibia or the distal fibula are very rare. Amputation has been a standard surgical treatment with satisfactory functional results obtained using an appropriate prosthesis. As the surgery of limb salvage has developed, reconstruction has been attempted using autograft, allograft, implanted prostheses and composites.
Primary malignant bone tumours of the distal tibia or the distal fibula are very rare. Amputation has been a standard surgical treatment with satisfactory functional results obtained using an appropriate prosthesis. As the surgery of limb salvage has developed, reconstruction has been attempted using autograft, allograft, implanted prostheses and composites. [1] [2] [3] [4] [5] [6] When the ankle is involved, limb salvage presents unique difficulties both in terms of biomechanics and soft-tissue coverage. According to Casadei et al, 3 arthrodesis is the best reconstructive procedure for the ankle in patients for whom operation for limb salvage is indicated.
Ankle replacement arthroplasty has been occasionally carried out in patients with advanced arthritis. [7] [8] [9] [10] [11] [12] [13] There have been only two publications on endoprosthetic replacement of the distal tibia for tumours and they are essentially the same series. 14, 15 We first undertook such surgery seven years ago. We present the results in six patients with malignant or aggressive benign bone tumours in the distal tibia or fibula.
Patients and Methods
Between March 1991 and July 1996, six patients, three men and three women, with bone tumours of the distal leg had prosthetic reconstruction. The mean age at the time of surgery was 26 years (11 to 46) and the mean follow-up 65 months (24 to 87). MRI was carried out on all patients after plain radiography to determine the extent of each lesion. Each patient had a bone scan, chest radiographs and CT of the lungs. The location of the tumours was the distal tibia in five patients and the distal fibula in one. Histopathological diagnosis was obtained by open biopsy; there were four cases of osteosarcoma, one of parosteal osteosarcoma and one of recurrent giant-cell tumour. All osteosarcomas were stage IIb. Five patients with malignant tumours received neoadjuvant and adjuvant chemotherapy consisting of high-dose methotrexate, doxorubicin and cisplatin, [16] [17] [18] with the exception of one child who did not receive methotrexate. The final evaluation included oncological investigation, the recording of complications and the evaluation of the functional results, based on the system of the International Society of Limb Salvage (ISOLS). The prosthesis. This had a talar and a tibial component (Fig. 1) . The talar side is made of titanium alloy (Ti6Al4V), has a dome-shaped articulating surface and a peg for fixation into the talus. The tibial component is made from the same alloy and is in three parts, an intramedullary stem, the shaft and the ankle joint. The intramedullary and shaft portions are cylindrical and the joint portion is square. The articular surface of the joint element is covered with ultrahigh-molecular-weight polyethylene to contact smoothly with the talar component. There are holes for screws on each side of the tibial component for the attachment of artificial ligaments. All prostheses were 'customised' for each individual patient. The length of the intramedullary stem was designed so that the proximal end reached the proximal metaphysis of the tibia. The distal end of the tibial component contains the talar articulation, allowing only hinge movement of the joint. Prosthetic ligaments, made of a non-absorbable synthetic polymer (Trevira ligament; Telos Inc, Germany), were constructed on each side of the joint to provide medial and lateral stability. Operative technique and rehabilitation. The lesions were approached by way of an anterolateral incision, the exact position of which was determined by the site of biopsy and the position of the tumour. Meticulous dissection was carried out to preserve a wide protective margin of tissue. The bone was sectioned 5 cm above the upper margin of the tumour, usually 12 to 17 cm above the ankle. The stem of the tibial component was inserted into the medulla of the proximal portion of the tibia and fixed with bone cement. The talar component was secured to the body of the talus by a central peg. The distal ends of the artificial collateral ligaments were attached securely, using nonabsorbable suture material, to the calcaneofibular ligament laterally and to the deltoid ligament medially. The proximal ends of the collateral ligaments were secured with screws into each side of the tibial component, just above the articulation (Fig. 2) . The range of movement and stability of the ankle were checked before the skin was closed. A long-leg splint was applied until the wound healed and then passive and active movements were commenced. Partial weight-bearing was allowed at three weeks progressing to full weight-bearing at about 12 weeks. A short-leg plastic splint was worn at night for at least three months to resist a tendency towards equinus.
Results
No local recurrence or distant metastasis occurred in any of our patients and all remain free from disease at the latest follow-up. The margin of resection was described as wide in three patients and marginal in the other three; histological examination showed the margin to be clear in all specimens. The mean range of ankle dorsiflexion after The artificial ligament was attached to the calcaneofibular ligament distally and to the holes by screws proximally.
operation was 3.3° (-10 to +10) and the average plantar flexion was 27.5° (10 to 50). All patients were able to show stability and could stand on tip-toe. Pain was minimal; no patient required analgesics during daily activities. Disturbance of gait was minimal; one patient used a cane for a lengthy walk. The overall functional score (Table I) was 24.2 (80.5%) with a range of 19 (63%) to 28 (93%). The implants appeared radiologically sound with no talar collapse, but there was mild spur formation in five of the six patients (Fig. 3) .
Complications occurred in two patients. Talar collapse was observed in one (case 1, Table I ) seven years after surgery; it progressed until the talar component reached to the level of the subtalar joint. The patient complained only of mild pain after extended periods of walking (Fig. 4) . Wound infection followed dehiscence in a young patient (case 5, Table I ) who was treated with parenteral antibiotics and superficial temporal fascial free flap transfer. The remaining four patients expressed satisfaction with their result.
Discussion
Below-knee amputation has been the standard surgical procedure for malignant bone tumours involving the distal tibia and fibula. 19 Limb-salvage surgery was rarely considered for several reasons. It is difficult to obtain a wide margin of resection because of the limitations of soft-tissue coverage, but a below-knee prosthesis can provide very satisfactory function. Advances in chemotherapy have made such procedures in the distal tibia increasingly possible. survival for their prosthesis of 73% at 14 years in arthritic patients; they emphasised accurate alignment and congruency of the joint. The high rates of failure for prosthetic arthroplasty of the ankle are related to instability or malalignment which are specifically addressed in the design of our constrained type of prosthesis.
Although satisfactory results are obtained by below-knee prostheses, some patients refuse amputation for psychological or social reasons. Arthrodesis of the ankle has several limitations, including the loss of joint movement, a long period of recovery and the possibility of nonunion. Limb-salvage operations using tumour prostheses have potential advantages in these considerations.
Over a period of five years we have treated nine patients with malignant tumours of the distal tibia and fibula, using this type of reconstruction in five of them. The principal concerns in the choice of limb-salvage surgery are the extent of soft-tissue invasion and the involvement of the distal blood vessels. The distal half of the tibia has few direct muscle attachments. If neither the posterior tibial artery nor the dorsalis pedis artery proved to be salvageable, amputation was carried out. Active movement depends on the extent of muscle, tendon and nerve resection. In our study, active dorsiflexion was severely limited in most patients, although they retained approximately 30°o f movement. The posterior tibial nerve was spared in every patient. One patient with a giant-cell tumour (case 3), lost all active dorsiflexion because of fibrous adhesions in the anterior compartment after three surgical procedures. Three patients with osteosarcoma (cases 1, 5 and 6) showed little involvement of the anterior compartment and most of the extensors were saved. The patient with a fibular lesion (case 4) required resection of the surrounding muscles. We found that the extent of resected muscle and the range of movement did not correlate well. In our patients, 5° to 10°o f active dorsiflexion proved sufficient for ordinary walking and gait seemed to be undisturbed. Two women were pleased that they were able to wear high-heeled shoes.
All the patients in our series showed excellent stability of their ankles at the latest follow-up. The prostheses allowed only dorsiflexion and plantar flexion at the ankle hinge. The artificial collateral ligaments successfully stabilised the hindfoot, including the subtalar joint. One patient showed talar collapse at the recent follow-up and requires revision, but in the other five patients there was no evidence of Case 1. Radiographs of a 24-year-old man with osteosarcoma of the left distal tibia a) before operation b) three years after surgery when the talar height seemed to be maintained and c) 6.9 years after surgery with marked talar collapse.
radiological loosening or subsidence of the talar component. Sclerotic changes in the talus were seen on the radiographs of three patients (Fig. 3b) . The prostheses survive in all six patients and function well. Oncologically, all patients remain free from disease, although the resection was marginal in two and the response to chemotherapy was less than 80% in two patients with osteosarcoma.
Limb-salvage surgery using a tumour prosthesis has an acceptable functional outcome with clearance of the tumour in the medium-term analysis of six patients. Larger numbers and a longer follow-up are needed to evaluate the results of prosthetic reconstruction fairly. Careful patient selection with regard to emotional and cosmetic factors may justify this type of reconstruction.
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